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mm&] mmm 

*ibic7) i fc^rst^fifrr-f - • : Is -try**, 1 tf>Mifc£*t- 

^SStm i £:^6D«m i CDfU^rp . H £ /t 9 * - # £ L T TIB— (D T*3t 
pto-Jp^"* • • • (1> 
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M&i'J^^iiRm, m+Ut, Z.nb<Dfcmm, m+ 1 £&8tm, m+ 1 
©SI^p (m) , p (m+1) ££;\ 0 ^*-#£-t£TiE-]^ (2) 

[«2] 

p (a:) - p {m)x m +p(m+ l)* m+1 

fcfcU p(m)+p(m + l) = l • • • (2) 

#|pj(Z) l (DMIfcO^Sr^-r^lRl^W - • 2/-- ?r>x&, 1 <Dm&*:&°t 

(D^X (n 1 ) , A (n 2 ) fc&A^-^fc'tSTIE— iRaS (3) T?g3*l 

[»3] 

A (x) = A («, )*"■ + A (n 2 )*"* 

fcZfU A(n,)+A(n 2 ) = l • • - (3) 

[Iff #^6] JtSB^-f W - • >>->r>X»m#m«> ±IB&8n 1 &3fc 
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& if o w -%m r* & o t . 
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[»4] 

s^^i© i ©ffifSr^^&^-r^i^T 1 ^ ^y- • y-tryxtf. lcomwc* 

*^&Bt&Biy-£3SBKin f m+li:U £*l£©#:afcm, m+ 1 £#c8tm, m 
+ l(Z)Srj-^p (m) , p (m+1) iiS:A^^-*fc-rSTIB— (2) T?m 
sti* 2^<z>fn;fr£)&s#^5£-e^t3l£*i, 5 ISWf ft© 1 GO^Ifc 

e> ti « # tfc © M y 5i ap tc *f 0 r * arft $ *i & z: t 

[»5] 

p (x) = p (/n>c m + p (/n + l>r m+1 

fzfzls. p(m)+p(/n + l) = l • • • (2) 

ft U Jc *f L T * JB-ffc $ *i £ r £ 

n 2 CDiU^^ (n 1 ) , a. (n 2 ) £ £ ;* - # £ f S TIE— (3) 7?S 
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[«6] 

A(jt) = A(n,V' +A(/i 2 V" J 

fc*£U A(«,)+A(n 2 ) = l • • • (3) 

m&TM. i 6 ] JiIHt-* -f^'J- • v-Ty xiffiigt XfBr« n 1 tfi 

3 ^Sti-szii: 

zm^xn^tzfto&^m^&t.zmx.. xsh-t-v^u- • v - >r y 
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±fi«F-^fl;i6«^ £ *i £ 7 s - # £ Steffi tltfftS Ste#l£ > 

±saste#atc ±otgis*i fe swiffi© &m)£©<£ tf * h 

±IB*^b#a^J:oT*^SnfeSteffi©fflt*4>*K:«^v^Tfll*lfy h 
[ff^2 3] ±faSte#a&cj:oTSte £*i£^-#tcM«$;ftTv^3f 

&#^ii-r-sit^2 3fH«©^#^Mo 

i^<affi£^tf#£±gE##tt^a;fr£SteU 

±ta*^fb^i£«> jiffi^te^atcjcoTStestifca^fctKoffiSr^-tte* 

^ca^v^T. Steffioflt^^ss^fbi-scii: 
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# $ ft & * y - 2; © & & 1- £ <2 ^ -ififrfE mje © ra £ w sat 

[iM2 7] tfc2cff#UC J3 5 1 (Dffim<Dfttt*i$k'?7 : <{ • 
3 &Sfr #[£j£Xig h , _tgBtfc£*T#l£/*Xg fc T £ $ ft £ ffi V % T 

s*^-fl:x@h> 

_haa*^bxstcT*^-fi:Sft^:^#«©5i^^(cs^v>TW#tf^ h t l 

[3f#^2 9] Xfa^ff XgtCT^ff 2ftfc^-# tCM£ftT^£$t^CD 

^«c&#«>*^flt?W3txSi:, 

-bias^-fbxST* i±, -tsas^-fbtifcjtxgic t $ ft r^m^-itmx^mm 
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[ff^^3i] _tfHSfBX@-eii> ±fE*^bx^c£tt£S^ft:co|gtco:i; 
$ n * y -fe - s? co # n m 3 n s co ^ # # ttfe co mi* £ B. 

[#§B^C0M^^H^] 
[0 0 0 1 ] 

[0 0 0 2] 

If-f ^^;^^^v^ofe^^#coW^^^ : L<ii^t.^tlTv^s^, -etuch 
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[0 0 0 3] 

n^'^MOyM^m^t. LXIZ. \,*t>*P&*/V J > (C E. Shannon) ODiiM 
[0 0 0 4] 

it^WitLX. M;Ui> M^M^ft^&^-Sf (Parallel Concatenated Convol 
utional Codes; PCCC) "PmW&WiS: (Serially Concatenated C 
onvolutional Codes; SCCC) £. o f- ^ t)*P Z> # - tfW #^fb (Turbo coding 

[0 0 0 5] 

"efe-5^£^MA 0 U t^-C (Low Density Parity Check codes; J^T, LD 

[0 0 0 6] 

3CDLDP C^-^ti> R. G. GallagerJC J; £ Tr. G. Gallager, "Low-Density 
Parity-Check Codes", Cambridge, Massachusetts: M. I. T. Press, 1963j iZ 
<koT*#JlC$|^$*l£t> U, ^CD^t rD. J. C. MacKay, "Good error 

correcting codes based on very sparse matrices", Submitted to IEEE Tran 
s. Inf. Theory, IT-45, pp. 399-431, 1999j I'M. G. Luby, M. Mitzenmache 
r, M. A. Shokrollahi and D. A. Spielman, "Analysis of low density codes 
and improved designs using irregular graphs", Available at http://www.ic 
si.berkeley.edu/"luby/j ^iC j; o TS^§1I3 tlS ICMo tz. t> <DX*$> £ . 
[0 0 0 7] 

# fc £ v \ t ffiai $ ti -5 v ^ £> v$> & x ^ - y n T 31 M tfi Jk £ £ c & v ^ r 1 1> frl * 
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[0 0 0 8] 

J^T> ^(B.fc^fcLDPC^Klo^T^tt&lCSilB'tSo fcfc, LDPCi 
[0 0 0 9] 

£ -r & & © -e & & 0 rzi-e, s&&?t?'J£&> ^M^uiW i"<z>f@i&:##s 

[0010] 

, >f l/¥a5-LDPC^t»S*l5. 
[0011] 

~(DJ:e>&LDPC tc «fc £ n^i t Ji, tftaEffW H CSo V n T G £ 

y -fe - S> & St J* U n hfy h^P>«J5fffSS:4fStS. rtf>4f# 
[0 0 1 2] 

— D P C$Hf <Z>1£#8:, _t^bfeGallager^"Probabilistic Decod 



1 0 
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ing" £ffiLX&^LfcTJ\s3V XATf&oT, /t'Jr^W-K (valiable nod 
e (;*yiz — £>V — K (message node) ilfeV^o ) ) tfif ^-h* (check 
node) V^*££ (Tanner graph) _tTf tf>5l^lM£fil (bel 

ief propagation) {C J: £ ;* y -fe - • A >y ^ > ^ • 7 3 U XAIC J; o Tfr "5 
it^RriBTf&S. L-frt/&7^<=>> 3tf)"Probabilistic Decoding" (C & VnT l±, 

[0013] 

•ert\ Gallagerli, L D P CW^(D'& J %7 Jl3 V £ IT, 7i^"'JXA 
[0014] 

rittt &mmzu 0 (u 0i ) *-xy*y-K*»&tfj 

v.fcL-Tfc*;, *vfe-S?£fcJ:, m<D"0"b LZ*^£>*PZ>ttWi±m!£ (log 
likelihood ratio) T-^KL-fcUfSrtiT&S. 
[0 0 15] 

^-r, LDPc^-s-aawc^Ti*, hibhc^-t <fc o \z. xr^^s i nc 

[0016] 

Wi^T. LD PC$F-£<B«#lC;fcV*T:«U X5^y ^"S 1 2 &CfcV^, SfiffiU 

0 (u 0i ) tcg^x, (4) ic^-r^ic^^ejcittc^oT^ v-t-v 

v . ££>ic, z*.<z>* v-t-V v ■ &c^^v\t\ (5) izm-tWl^-* 

?T -P^iltc j:oT^ yfe-SJu . f LT> LDP CfJ-Pjtf)^-^- tc£> V 1 * 

[0 0 1 7] 
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[«7] 




• • • (4) 



[00 1 8 ] 



[«8] 



tanh 



- ■ • (5) 



[0019] 

±5$ (4) JgfcrJP_t^C (5) (C&tfSdv, dc«, ^-tl^tl, _hi£L£ 

*36^H©Kt*ift (?«) jktfmxft (ft) (D- i"(Dmmz^?frMizmn-*sm 

Mx.«'(3, 6) ^tf^-S-lCW:. dv = 3, dc 

= 6t^§o ^rr% ±5£ (4) &t>'_t5£ (5) KB-rmmz&^xit, zn? 

j*-*fcLTttjgv*fcv>ri:;fre>, fcXl±fn8U*©*8H#d v - l , dc-l* 

t't&ot^S. ±5$ (5) (C^i-?K#(±, Hl^lCtt, 2A*v 1 , v 2 

Kft-t £ 1 m^JT^^^tv-S^^; (6) JCat-rBBRR^^-^l/Sr^ftf^J^LT 

[0 0 2 0] 



[0 0 2 1 ] 
[110] 

« y - r{v x , R{v 2 , R(v 3 , R{v dc _ 2 , v dc _, )))) - • • ( 7 ) 

[0 0 2 2] 

$g^T> L D P C IC 33 V>Ttt, XT' V ~f S 1 3 iCfcV^, fiEjRk*« 

[0 0 2 3] 



[R9] 



x - 2tanh"'{tanh(v,/2)tanh(v 2 /2)}= /?(v,,v 2 ) 



• • • (6) 
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[0 0 2 4] 

fit, LDPC^#©^#lC^3VNTtt, ^f-yy S 1 4 ICfcV^, 7&5£ ( 8 
[0 0 2 5] 




• • ■ (8) 



[0 0 2 6] 

roiei^LDPCTOSflt mx\Z (3, 6) ^#©#^iCtt, 01 6 
= B t^t;-Fttt, _t5£ (4) lCa*Lfc?SU¥#ff;b*u "+"t^t;-KT' 
Tli, ;* yfe-SJS: 2 5trffcU "+"T'^t >> - FlCT, d c - 1 mv>X±* v * 

[0 0 2 7] 

LDPC^0>tttB&fa_t3-fr-Sk:W:» >f 1/ 3f a 9 - & $9F & /B ^ 
[0 0 2 8] 
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— • i/ — (degree sequence) iUottitl). -i if*) — • i/ — >T~y 

[0 0 2 9] 

b^L&#<3, LD PC^-^Jcas^Tti, ?V - ■ S/ - 4r > * JCfc * 

[0 0 3 0] 

>ptz^ m& Kit. i^fls (B & v ^ ic |R3£ * *MC «fc o T ttfB ^fctSii:^ 

[0 0 3 1 ] 

— MWi^t. i^y hjRtf^j&v^^oLDPc^iBfc-SM:, iai7{c^t-j; 

[0 0 3 2] 

LDPc^-sfoD^cfcv^Tte, ineijc^t-cfcofc, ^f>y^s2 nc 

fevNT, Sflfflu 0 (u 0i ) £^f§i-££, rn^(Z)Sffffiu 0 (u 0i ) & 

Jl<Z>#^># i: LTtf)MIfck £"o"£i-£„ LDP C ??F # <Z> -^HC 33 V ^ 

rtt, * vfe-s?& 2 if y K-Mt &mmu 0 u 0i ) &3tr 

y hlCi^tfS. LDP C^F#©^#tC33 V^T 3© 3 tf y h iCfi^bS *l 
fc^MffiU 0 (u 0i ) & 2 try McJfrHfcU ;* yir-^ v . CDgLfmcJB^S 

[0 0 3 3] 

geVMT> L D P C^^(D^-^tC33V^T{*> T* 3 ? V ^ S 2 2 &C £ VnT, J* V i2 - 

utfBLfe^yfe-^u .teaser, _t^: (4) jc^-rttac^^f e> rtic^ot 
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[0 0 3 4] 

[0 0 3 5] 
[0 0 3 6 ] 

LDPC^OD^tCfcV^te. g$fck#N J: *J fcV>=fo(Z>£ 

y %:*£v^©£ *!J5£U feline tt, xf>y^S2 4s\HMmit®fi?2> a 

[0 0 3 7] 

f tt, LD PC^-^-(7)^#tC^VNTli, ^f-y7*S2 4tCS^T> 
ffi^7"rs«-^*S*ii Ut©>iyt-yv i 5:tfttffi*b> — 5££>*^I!^I5:#$T-r 
[0 0 3 8] 

3<Z><ke>&LD PC tCfc^Tti. Sfffi^^^ - Kia-esssti* 

* yir-2;£S^t^5l£©JfrHf;*Sic iotttlB^ftts. ldpc 

[0 0 3 9] 
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[0 0 4 0] 
[0 0 4 1 ] 

[ n m z t z tz. ®> (d ] 
izx&mmktf* bmixmrn-tzmiz, ^-^.^nr^m^^m 

[0 0 4 2] 
[0 0 4 3] 
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[0 0 4 4] 

•S o 

[0 0 4 5] 

S^-iHb^filC J: oti^I/^ y ^S^IC J: s^-fffbtf^tifeff-^tf) 

[0 0 4 6 ] 
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m : £<DftWLtfm.j<iite£&o^ «^tt£ftTlf:ffi£ftfc7^ ?V - - v->ry 

s? n ffi # m { c £ o t m. # 1- •§> □ 

[0 0 4 7] 

$ff?!I4^Xl IC T * j& 3 ft ttSff^J & PS V * T it £ ft o «F#ft X@ £ & « 

T?*^ t" £ I^fcXi h „ r ©*^"ffcXS iC T *^Hb $ ft ^#ffi©fltSf5^ 
[0 0 4 8] 

$tWtf>#ifc^**£&§ J:e>tc, SJa-ftSftTKcmSftfe^-r **U - • S/-4r> 
TM^ffcU i©*^'ft;$ftfcS'fS«©fltap^JC|£^v%T4St-^i'S. 

[0 0 4 9] 
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[0 0 5 0] 
[0 0 5 1 ] 

-5§- (Low Density Parity Check codes ; LDPCff il^O. ) (Cfc&ff 

-iHfc£?T O^CDt VXW!&t*tlZ>&<DX&Z> 0 #iC, ^#-fb^» 1 it. 

•T-SI^C ^^-T-St-V - • i/->!r>^ (degree sequence) fc^SifliU 

n^&m*n±&^&z.£.ftx%&*}<Dx*%>& a 

[0 0 5 2] 
[0 0 5 3] 

Mtirffimz^^xmmtZo 

[0 0 5 4] 

'^mmmiziBtf zm+itumoimmtizm-t ^mmmmz^^xmrn-t 

[0 0 5 5] 
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yfe — 2 \fv hT*^^t"5&^4M<Z>8?#f^ MxJi rsae-Young Chung, G 
. David Forney, Jr. , Thomas J. Richardson and Rudiger Urbanke, "On the 
design of low-density parity-check codes within 0.0045 dB of the Shannon 
limit", To Appear in IEEE Communications Lettersj (CSB^£ *IT ^ 

V ;b *3> £ > -r • X3if;i/— 1/ 3 y (density evolution) {C J: o T 

[0 0 5 6] 

£1\ U^r*:z9->&V^»3>S (3, 6) !ff#lCOV^T, t*^t>t>, dv = 3, 

d c = 6 £ Vfcm&lz-o^TMtit'tZo 

[0 0 5 7] 

;t'J77*;W-K (valiable node) P> *l& * V "fe- V £ U ^ 

^vy^ry-K (check node) P> ftij £ *lS * V "fe - 5? & U £ f £ £ . * V *fe — 

i?v«, (9) t^t3t^t'§5„ 

[0 0 5 8] 
[112] 



[0 0 5 9] 

(9) teaser, *yfe-^u n &, -f -i/-v;i/ • * <yfe-s?T?»y, ^ 



[0 0 6 0] 
[»13] 



[0 0 6 1 ] 

ZLZL-e, V^^SMf&^it (log likelihood ratio) 7?g3SSnfe^»tt? 



• • • (9) 



y-fe-^U , (j = l, 2, • • ♦, dv-l) ft, iitSAVT^W-K 




• • -(10) 
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3 04&^lC&£;6\ Z.frh(DW.. *^Mt0g£ a x , a 2 , a 3 £ 

-fe-^U 0 «, 3 \fy bT^SIi:?!)^, 0 ~ 7 ©Mfc £ -5 £. U >T— 

~ 3 (D m £ £. Z> <D h "T £ o 

[0 0 6 2] 

0 ©iWP u0 (J) (J=o, l, • • •, 7) i:, * y-tr-^v . (Dm 

V «J 

*s##p u (j) (j=o, i, 2, 3) iifc^r, (i i) ic^-r<fce) 

[0 0 6 3] 
[|£l 4] 

^, =^,0*^, * p u •••(11) 
[0 0 6 4] 

Z.£tfX°£Z> 0 :£&£*i£OT^fPP v l±» 0~ 1 3<Z)>fiiS:£:£^£{C&£ 0 t 1 

>£/-r>f • xaK;i/-;^3 >&c&v^«, zi(Z)Bi^^^p v T?at£*i£* y-fe-s; 

[0 0 6 5] 

o^'ic, ±5£ (io) ic^bfc^li^&tco^TMt-s,, yt'JT^w-F 
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o #0, 1 tt, #»#fl^#*ftT***»#K:#JE&U H2, 3li, *f 

[0 0 6 6] 

#C5£ (12) iC^i"J:e){C, 2A*T?±S (10) {CjfcttS ;* y 1z - 

[0 0 6 7] 
[»1 5] 

F 3 = j R(f„K 2 ) ■ ..-(12) 
[0 0 6 8] 

ze>±j& (12) tc^^-gHSiR-e^sti* 2 try h©^ vfe-s^Vg i±, 

[0 0 6 9] 
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i a (12) ©x* 






V 2 


0 


1 


2 


3 


Vi 












0 




3 


2 


1 


0 


1 




2 


2 


1 


1 


2 




1 


1 


2 


2 


3 




0 


1 


2 


3 



[0 0 7 0] 

b^oT, (10) (CMt§5Ail (v x , v 2 , v 3 , v 4 , v 5 
) tc*fts i ffi* (u 5 ) tt, (13) izm-t £?tc, _h^i £jgv^±5£ 

[0 0 7 1 ] 
[816] 



t/ s =/?(k s ,/?(k 4 ,/?(k 3 ,/?(k 2 ,k 1 )))) 



(1 3) 



[0 0 7 2] 

£T, Tyi/TJ • XJJOI/-5/S >&C£V\Ttt, *yfe-S?V lt V 2 ©St§ 
#*f&, Pjl (i) , P 2 (i) (i = 0, 1, 2, 3) ttSt, 

±5£ (12) JC*fjS"TSSI3Stt, #C5£ (14) IC^f J;-9{C^S 0 
[0 0 7 3] 
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[mi 7] 

•/»,(0)-P i (0)P a (3)+P 1 (3)P a (0) 

P 3 (l) = p(o)P 2 (2) + P,(l){P 2 (2)+ P 2 (3)}+ ^(2)^(0)+ P 2 (l)}+ P,(3)P 2 (l) 
' P 3 (2) = P, (0)P 2 (l) + P, (l){P 2 (0) + P 2 (l)}+ P, (1){P 2 (2) + P 2 (3)} + P, (3)P 2 (2) 
P 3 (3)=P 1 (0)P 2 (0) + P 1 (3)P 2 (3) 

• • -(14) 

[0 0 7 4] 

& p v £-r<§> (13) tc*fjS"rs^ vfe-i?u<3Dfflt^8^^p u it. ?k3% 

(15) CJ:ot#ft5It^tS. 

[0 0 7 5] 
[118] 

P u = P(P v ,*(P v ,P(P v ,i?(P v ,P v )))) • • -(15) 

[0 0 7 6] 

Z1Z1T*, ±5£ (14) KjjkL,1tm&Vii3^X\Z. _tm &Mv^±5£ (13) 

©?gi3S?:*3feT?»*i«4 mn o&m-tf&ztfi. (1 6) tsm&ss (is) ic 

[0 0 7 7] 
[11 9] 

P 2 =P(P,P V ) • • -(16) 

[0 0 7 8] 
[«2 0] 

P 4 =P(P 2 ,P 2 ) • • -(17) 
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[0 0 7 9] 

im.2 1] 

P u =R{P V ,P 4 ) • • .(18) 

[0 0 8 0] 

« 

^CD±5£ (18) (15) (D&mt. rtl(Cj:U, ^ 

[0 0 8 1 ] 

£T, J^i:©^^:/^^ • x*f;i/-i/a >JC J: £ ^#rM £ W T ic ^ ^- Q 

a 1 , a 2 , a 3 ZMMit b &£>**^HtiflI a x , a 2 , a g £ 

[0 0 8 2] 

a 1 , a 2 , a 3 ^r^ig-fbt-^^^^^feo i:t% ?Hir©«gH&, 
Jt««"- 2 5"^^"+ 2 5"*-e^ Lfeo 
[0 0 8 3] 

b /N 0 [dB] xtt«IW©^«S:a*s#^.e>tife4:^, a&*JfTlE©ffiffi#*&£ 

1 0"§:|gh-r§Mi5C^SB (log 1Q B E R) £^cLTV%£ 0 #t$K[fC^ 

■tm^Mm^mij&E b /N 0 {cM^-r^^twco^a^^muiiiEfrr^mufii 

^P b t±, 7^2 ic^-r 

[0 0 8 4] 



2 5 
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[IS 2] 



2 Eb/No, a, P b ©ii 



E b/No 


1.50 


2.00 


2.50 


3.00 


a 


0.8414 


0.7943 


0.7499 


0.7080 


Pb 


0.1173 


0.1040 


0.0912 


0.0789 



[0 0 8 5] 

wtotro. 8 2 3 7"©^> mvtiJEmomv mm? b «, "o. ii23"t 

&U> iMJfT!E^<AiUJ5STO, "0. 0 0 4 5 3 3"*Wt6^ "0"&C£ 
fl'MSr £{£&V^^e>^lll#f#<3*l£o ^tf>££<Z>*dHtiPMa x , a 2 , 
agti, "1. 4 6", "2. 9 1", "4. 5 7"£&o£„ 3tf)*^ffc 

tpg a x , a 2 , a 3 li, * ft -eft, SvUCB&^|!3IS§lC& o T £ »J , #Cj£ (19) 

[0 0 8 6] 
[»2 2] 

2 1 •••(19) 

[0 0 8 7] 

' ^"fbipga 1 , a 2 , a 3 li, SVN{CB&^r^PiT*&S^ffi*^li^:^<iltlTV\< 
. 0!;ttfa = O. 7 7 6<0»-£tCW:, & U fTiElu©^ *J P b tt, "0. 0 9 

8 8 "-?&*;, gs*miEffc©giyflMs«, "5. 94x1 o" 1 0 "t^o^ 0 3 

©^^©S^btea x , a 2 , a 3 tt, -£*l^*U "1. 75", "8. 02", " 
2 1. 6"£&o£ Q ±5$ (11) iZBLt^mm^P v &> iii&LfeJ: 

e»ic, o~i3©«S:i:»J, 2 if y h IcS^ftf SBRtctt, #C5£ (2 0) 

[0 0 8 8] 

2 6 £ttfE4# 2 0 0 3 - 3 0 4 4 9 4 0 



#2 002 — 247318 



H&2 3] 



V(l)-k(6) 



(2 0) 



[0 0 8 9] 

^fbCDMtLT, V (1) = P V (6) + P V (5), V (2) = 



P v (7) + P y (8) & VttlEtom ft tfMftlzmit't 



[0 0 9 0] 



&C3 \*v htLtctf. a 2 = 2 



[0 0 9 1 ] 



*; % * * < & o & tc , as y itie co « tg #swt -t & t. v > e> r £ # *> . 

[0 0 9 2] 



) &t>*u 0 (3) © 2 oic#3f"*S£i:icfc •£ ffia^ 



2 7 
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[0 0 9 3] 

. 7 7 2 5 £&o£ 0 ^©^^OS^bipga 1 tt, " 1. 7 5 5"^^ofe 0 

, 2 ¥ y b (Dm&lZlZ. ±7% (11) IC^L£«^*|jP y tt, 0~9(£>lil££: 

zztiztev. zn* 2 e> hic*^t--g>fe*co±^: (20) {c*fj£-rsifm 

5££LT. V (1) =P y (4) , V (2) =P y (5) *m\<\ ^U©P V ( 
0) *^P V (3) *"e<Z)fO$:V (0) fcU P y (6) ^^>P y (9) £ T*(D 
ftl£V (3) £LTV^„ 
[0 0 9 4] 

■fe-^$r*^-fb-tS|^lC«, ^X.^tl7tJIW©^malC*fbT^#^©^U fifths 

[0 0 9 5] 
[0 0 9 6] 
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[0 0 9 7] 

4 0 &C£tjS&-f 

[0 0 9 8] 

s^©^tfca ^scau^au 2 o t±, a one 

&^ft#£4^ttgfc)i»3 outers. 

[0 0 9 9] 

■3V>T, fi^ffcLfc^tftfg&SWti**. "T^t>t., *34bi|@&JtBP 3 0 {±> # 

*^b<6S:S!t3t-rs. *^<fb"Pa&5£gP 3 0 ^-X^Mc 

£ J;e>taT% J:Va„ M^biPi^aP 3 0 ^M#&C*fLT&5gL£:*^fb*g 

5 o ^c#t^-r^o 

[0 10 0] 

*^ft8P4 0 tt, ^fS^P 1 0 tC ±oT£te3ttfc§teft<Z>tii35#*lfP u o ^ 

s^tsp 4 o *^b"Pi^sP3 oic^oTifcjestifc^ftiiTf*^ 

[0101] 

*vfe-s?i*ffjas5 oii, *^"fb§P4 o ^gy^n^^ffiicso^TAy 



2 9 
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-3^T, ^x*y?/-F (check node) f, tt« J* V "fe - ^SUCffi't 5, 

[0102] 

A'J 7^v;- K^^m^J^ti-S^ >yiz-t? v . ©fflt^s^P v £ ^ £ £ £ =fe ic 

m§P5 0tt, ^ yi2-^S: 2 tT»y hT?^3S1-*S^tCl±, ft*. (£3 y MC*^ 

ffc3*ifc£Mte©«^#*»P u o & 2 tf*y MCtHb, flt^^P v fctS. 
[0103] 

s^jv^t, Jtss (i i) fc^-rsm&ff^ - i:(cj;oT^ y-fe-s; v t 

^P v ^*«)So fit, LDPCfff-^cZ^-^fCfc^Ttt, ^Ifck 1 "£tt-f 

[0 1 0 4] 

iftS. * >yi2-^»mgP5 0», ±S (1 1) &ffl^t^>yt-^v i 

McM^-ffc-rs. ^<z>£#> 5 o i±, *^b«»3e» 3 0 ic «t 

[0 10 5] 

$^T, ^ y i2-s;»fflaS5 0 it. X^y 3 IZ&^T. SE«kA<NJ:y%> 
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[0 10 6] 

[0 10 7] 
[0 10 8] 
[0109] 

[0 110] 

MLT&-%&(DW; i )BWM'^£teZ>£$lz, *^b*B»)feas3 oicioti? 

[0111] 
[0 112] 

y^<DMmitizm-ir^M^mz'D^xmm-t^o 

[0113] 
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coMffcco^fc^feco-efelU #?Sft?fJlC£tt£lft;£ft (?'J) ©" 1 "(Dffl$&<D 

^covxTii, tfcsS (21) fCavrBBBU (x) r*3£U tfe2Ef?#licfctts« 

(ft) <D" l^mmo^iz-D^xit. (22) }c^-nra P u) t? 

it -To 

[0114] 
[«2 4] 

A(a:)=2^ * ' "(21) 

[0 115] 
[»2 5] 

PW-^P^ •••(22) 
[0 116] 

rr-e, u^zz^-ldp cw^oytkmfPliz&tt&mJjfa (#J) CO" 1 "<Z)f@ 

»&3ft ±iib^d vizftm-tzmm.*. (x) ©#c»n.«, shr©**:*-*. 

U^o.9-LDPC^#<Z)tfefi^JJCfeW-5«^|fiI (ft) CO" 1 "®i@i[$:St± 
j£L£d clC*f-^i-^B5IS[p (x) 0>#c8tm . it. ^miXitmWC<0#affiZfflt>te 

vn q z:z:-eii, tfcss (23) jc^-r^-Mc wi^ (x) £ 2^<ofa^&£# 

315«*jbu n . t it, " 3" t^M^mn^m^^tn^iz, #C 

& (24) iz^-t£oiz, mmp (x) % 2m<D%ifrbftz>&m#,T*mm-tz> : & 

(D£-tz> 0 (2 3) lC^cf#$U (3) t±, ^Sft^J{C^^-5^*rRl 

(#[) CO" 1 3 "-e&SSJ-S'&asU flMKU (n) it, &2cft#RCfctt 

SlB^ftl (#J) ©"1 n'Tf&Sfte&^LTV^., -fcfc, #C5£ (2 4 

) ICfcttSflMRp (m) tt, *«ft?[RC #|nj (ft) CO" l"C0M!&#"m" 

T*&3#Jl=rS:^U %WiP (m+1) it. Ifclcft^KCfcttS^ft (ft) C0"1" 
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[0 1 1 7] 

im.2 6] 

A(x)=A(3)t 3 +A(ny' 

fcfcU A(3)+A(«) = l • • -(23) 

[0 118] 

[12 7] 

p (*)= p {m)x m + p (/n +l)* m+1 

fcfc'U p (m)+p(m + l) = l • • -(2 4) 

[0119] 

tfc, «F-9-ffcaps^" l/2'*tf>#-£r{C&, (2 5) ic^-r^#^#iD$ti-5 

o 

[0 12 0] 
[12 8] 

|[(A(3)/3) + (A («)/«)]= [(p(m)/m) + (p (/n + l)/(m + 1))] •••(25) 
[0121] 

Z.nh<D3kWfrt>, IXjZ (2 6) tC^-Ti^C ^^T^JiCfe^S^foI (?T 
) (D" l"(DmWl(D¥i%U*m-t^ ; 7*-# d c (ave) fl^^tlS^ 
(2 3) (2 4) (C^^^^A (3) , A (n) , p (m) , p (m 

+ 1 ) *l£„ 
[0 12 2] 
[129] 

dc{ave)= p{m)n + p{m+\Xm+\) • • '(26) 

[0123] 

jKMffM£J^TfC^1- 0 J§?#m, #ClntCOV>T&, n = 9, 11, 13 
[0 1 2 4] 
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n = 9 £ VfcM&lz-D^TMWirz. iitlt m^oyftWio £"0. 

79"ill, $ £>IC. _tiS (2 6) (C^tf-SA^* dc (ave) 5:6 — 7 
©raT^^$itT^ff$:=ff o£„ iOi^ 7\°^*-#dc (ave) h'&^%k 

mmi^&tfZ&mt. (ave) MfftkL 

(Dmvmmo)" i o n ^m.t-t^Mmmm (i o g x 0 ber) &^ltvn£„ 

[0 12 5] 

ZL^T% n = 9CD^{C«, tC^LfeW^P v tt, 0 — 3 1 

(2 0) ©fSfcyiC, (2 7) tCat-TJ:e)lC, V (1) , V (2) ilLT, 

[0 12 6] 



[0 12 7] 

|^gf^e>, (ave) #"6. 6 7 n ©^(:, m*)tSiE&<Dm 

»J fll$s#*/h & £ Zl h ^ 5 o 
[0 12 8] 

;l7^-^dc (ave) &"6. 6 7 " £ L £ £tf)f§#*f$IWm# 
JfcE b /N 0 fcttfftOSyffll*®" 1 O'SrJgfc'TsanR^aB (log 10 B 

ER) ^©K^&^ASi:, mi *m&3biz^ tlfc a 

A°^*-#dc (ave) 6 " L l/^nv-^ (3, 6 



C»t3 0] 



y(o)=fp v (f) 



F(l)=P v (l4) + P v (l5) 
K(2)=P V (16)+P V (17) 



• -(2 7) 



31 
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[0 1 2 9] 

[*3] 

^3 Eb/No, a, Pb<^§i^ 



Eb/No 


1.40 


1.60 


1.80 


2.00 


2.20 


a 


0.8511 


0.8318 


0.8128 


0.7943 


0.7763 


Pb 


0.12 


0.1146 


0.1093 


0.1040 


0.0988 



[0 13 0] 

i@^e>, U^f=L^-t^ (3, 6) iflCjt^ A7^-^dc (ave) 5: 

"6. 6 7"£ Lfc-f U^fi^-«s^©*^ffilB^fRF± , rsr i:^*)*^*. 
[0131] 

o#*(C, 11=11, 1 3 £ Lf=.m&iZ-o\<^xm>ffl^'Z>a n= 1 1 £ LfcH^tC 
it. m^OftWto £"0. 79"£U n= 1 3 iiLfe^lCli, if®Ma?: 
"0. 7 9 5"i:U A^*-#dc (ave) &M2i±Ti¥#r £?To £0> 
/^^-^dc (ave) £«^<Z)g|y^£tf) fc, n = 

«, B0*?Kii»fiPcjc^-r<fc^«;j(e*^#e>*ife. &fc\ ictt, w^p 

v 5: 2 if y Mci^fbt* SlgUcte, _tj£ (2 7) lz^Lf~£olz. V (l) , V 

(2) tit, fllsp^^P v <D2 3S©jftlS:MV^TV^-S. 
[0 13 2] 

TO^fj, n=l lOl^JClt /N°^*-#dc (ave) #"6. 9 6"0i 

-^■(c, fRytnE«©»ytt*#*/hic;fey, n= i 3©t5-^jct±, A°^*-#d 

c (ave) #"7. 1 2 "CO^lC. 8a »J fTlE«Otft U flft^ft/JMC J&S i i: A« 
[0133] 

f It, Av^-^dc (ave) £"6. 9 6", "7. 1 2 " L it £ & ®i 

#*f$t^*;fr.££E b /N 0 fc1T*ffe©«yflMs©" l o " £ i£ £; iT £ *f Mil S ( 1 
og 1Q BER) i:©B8«S:*«)<Sii, EI 7 CFfifofM c , d izm? 

[0134] 



3 5 
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[0 13 5] 

SH&ic, n=i 5hbfei^tct3V^t^t5. iit'tt, _h5£ (11) ic^ 
Lfcflt^s^P v &*^b-r<6IS»c, v (l) , v (2) i: It, QtmftttP v 

ffitf&^frZM^fca m^&frmo^O. 7 9 5"i:U /\°v*-#dc (av 

(ave) &a*U MUte, mm<D" 1 0 S*ft$t3lSB (1 

og 10 BER) fcjfcLTV^o 
[0 13 6] 

RfH^e>, V (1) , V (2) £LT, m^frttP v (D3Tg<Dm$:m^Z>W>& 
<Dl$i$&mtffa±L, A^*-*dc (ave) #"7. 6 1 "©tft^JC, ^»JfT 
© ft U flMSjtf*/^ IC & £ r £ # fc> £ o 
[0 13 7] 

-g-Zl-e, V (1) , V (2) hit, flft^S^P v ©3^(0fDS:flSVK 
-#dc (ave) &"7. 6 1 " £ Lfc £ £(ZMg^*f«tWS:fritE b /N Q 
^<Z>ftUffit^<Z> M 1 0"£jg£-rS*fgt^iiE (1 o g x 0 BER) ££>M£&& 

[0138] 
[0 13 9] 

[0 14 0] 



3 6 
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[0141] 

W£U (x) £ 2 3B©fDfr£&5#^T*^^6l§£\ ir&fc>l3, ± 
^ (23) ifclB^TtfeS^JKfctt Sitter fa (#J) ©x-r ^U- • */->!r>X£ 

) 0)7^ trv~ • 2/-^>xtcov\Ttt, ±5£ (24) izmLfcmmp (x) & 

[0 14 2] 

-i^lz-i/a^lcfe^TH HSU (x) #_L5£ (2 3) icio 

TrnzftzM^izte, x 3 ©^jc^f-jcs-rsfll^^tt, ±5$ (i i) &tf_t5£ ( 

2 0) &^T##><5^ £7^1?^<£> 0 — .'5*>S/ , r'-f • xjK/1/— */ 3 >JC£va 
Ttt, x n (Dmcft-tZ>S:fr&frWlMlZ. WM7-V*-MWk (Fast Fourier Tra 
nsform ; J^T> FFTt^^ ) £/BVNT*Te> 31 ^©ft^i&^MJI 
<D^JH&, P v (0) #£>P V (nf) (nf = 7 + 3 (n-1) ) $.VmtfA 

, r^mn*^#vxi:^ictt, d© 2 n^y hJcM^-ffe-r-sR, _h^: (20) fcfctt 

£V (1) , V (2) £ 13gT?^-r©T?W:fc<, 2o^_h©^T^bfe^^ffi|g 

^ifiutt-So r©*^b©igs©v (1) , v (2) zm-rmm*- zmtz-Gtct. 

[0 14 3] 

©±j*Ufci : ?-fb<6a x , a 2 , a 3 li, + CD ffliVML®. 

5tW 1 0 ~ 3 1 0 ~ 6 "£.&Z>m&iilZ'D^T. JtW©#ffca 

tfm*Hte2> <fc?lC, _t5£ (2 3) ICfctfSfliaSU (n) SrJftM-fbLfc. 
[0 14 4] 
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, ffltsp^p v S: 2 try htcfi^-fb-rsRStc, v (i> , v (2) ^m-tmm^ 

£A^*-#i:U k=l, 2, 3, 4 ^ti^tu 
[0 14 5] 

^(Dftffl. a <Dm*mZ. " 0 . 8 3 7 1 " (E b /N 0 = 1 . 5 4dB)£&£#£ 
*#»e>*lfc. *fe> itf>££tf>£&tfc;i (n) li, "0. 3 0 8 8"£&U> 
?T#Bc£tt3gt#l«l (f?) <Z>" 1 " (Dmm<D¥-i%m P (ave) fct, "8. 127 
0"£&o£ 0 

[0 14 6] 

IkMn Hm^&OymVmmtf" l 0 ~ 6 "£&£££<Z)?tW<Z>3-f$:cr £0) 

«s(5^p v & 2 e> N»c4^b^sieijc, v (i) , v (2) zm^mMkz 

Z^^-^tU k = 1 , 2, 3, 4, 5 H Lfz.HglZ&n&m&Z^ 
, ggjftfflSa, QgJftglSb, c, d, et^LT^Sc 
[0 14 7 ] 

I^FJif Si4l*«*3^«. J:»JK#»K:tt, k = 3©#-^. &«n#"2 

1 0 ~ 6 "^f SfcgtCtt, ^Ifck#"3"<Z)££J.o#;$tii#"2 l"®i:^{CM 
UfXlE<Z)ffitg#«&£&tU *<Bfc£<&l«W©#iJCa©*:*ftW:> "0. 80 6 
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8" (E b /N Q = 1. 8 6 4 dB) fcfc£*§J|l#^*>*lfc. Z.(Dt.%(D 
(n) tt, "0. 30 10"ii»J, fcSEfT#UC33tt5«;£ft Off) ©"1" 

<Dmm<D¥-i%mP (ave) tt, "8. 0 9 6"t^ofc„ 
[0 14 8] 

^<D<fce>(C, B8$[A (x) 2^©?&^e>&5#^5£T*^i , -r S^iC«, & 

[0 14 9] 

#ca; (2 8) &mv*xfc2:ff^Jtc£ttSitt:#6i (?'J) ©t-V^u- • <y->r>* 
ff) co-r-v - • i/-^>^tcovNTtt, ±s; (2 4) &c^b£lWi&:p (x) 

[0 15 0] 
[»3 1] 

A (x) = A (3)r 3 + A («, )c"' + A (n 2 )c' ,J 

ftfzls, A(3)+A(/i,)+A(nj = l • • - (2 8) 

[0151] 

r^T% «F#^3S«"l/2"<3!)|g^tCtt, #C5£ (2 9) KZ^*##tfflCIS*l 

[0 1 5 2] 
[13 2] 

|[(A (3)/3) + (A („, )/«, ) + (A (« 2 )/« 2 )] - [(p (m)/m) + (p [m + l)/(m + 1))] 

-••(29) 

[0153] 

MiJrp (x) ICfcttS&amtt, (29) Kfctt-SflM&A (n 1 ) , A ( 

n 2 ) 0<p (m) <1 tftSiRmilbT^ftSIi:^ 
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[0154] 

MffilZ&^TlZ. ±H (2 8) (x) fCO^T, ±^lfcJ: 

e>lC, x 3 ©^{c^f/SfSfll^flrS:, -tiS (11) &t>*_t5£ (2 0) £JBv*T 
^ &> & £ £ & JC, x nl , x n 2 <Z>:^C*f-t£fi<fr&^if|^£, FFT£MvnT 
ffof:„ i©jg*S:2bfy htca^b-TSBROJ:^: (2 0) jcjs^sv ( 

1) , V (2) tbttt, (x) &2 3B<Z>*Bfr&fc5#JB^^Lfc» 

^JCttlB*«WT?*ofc*#, "T^*3*>, fc«n lf n 2 n 
3^ (k = 3) Tf^TfcODfcLfc. 
[0 15 5] 

i©#«fJCfeV^Tl±, KIR A (x) <Z>«CStn x . n 2 §:#x. > tffcijjBLilHMft 

, _b^; (2 8) JCfcWS^Sfc^ (n x ) , X (n 2 ) £«jgfl;b£„ 
[0 15 6] 

#»e>*lfc. &£> IHEIIC£V^{£, n 2 = 2 3, 2 5, 2 7, 2 9, 3 1, 3 
3, 4 1 £ Lfcil^C 33 ^tl-Ttl, Hd«a, b , c, d, 

e, f, gT'^lt^l). 
[0 15 7] 

n x = 2 1 <Dm&izm*&ffift\»l±-?Z>Z£i$t>frZ> 0 Lfrfc, n 

^m^&ftmo mvmiE<D&miz\Bi±-t2>t>\ rxmn 2 1" 
, mmk&" 3"(D£gR^mnn x i"<D££\zmvmiE<D&m-&m&£te 

»J, ^^(D^W^ifcatf)**^;*, "0. 8 0 6 8" (E b /N 0 = l. 8 
64 dB) fcfc£*gJH##&*lfc 0 ^t&A (n«) tt"0"fc)&»;, 0 
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i o ic^L;trau (x) & 2m<Dfcfr*>&&g>Tgj£T*mm-tz>m&<Dn 1 = 2 

[0 1 5 8] 

-e^-e, HfcL&V^, n 2 = 2 1 £ LfctgiZ&^T. Mn^t^t© 

n x ) &4Mfi£Lfcl§iirlcte, &W<B#ifc a #1^ ( ni ) £ 

IE-fit*: Ufc*-£lCli, ^©^tfcatt/jN^ <&££V>5^>W£*l£:c "T^^ 

*>> ( ni ) *"o n £Lfrm&<D&mtfm&T*&&£^?ffimtfm*nt=. 

. rti(i> Bf l o tc^LfcggfSu (x) & 2^cofn^^^^#^T^t-<g>^ 

[0159] 

Ife^oT, fSUfTlE^CDillU W£" 1 0 ~ 6 "£t-£^£&C$tW©#Sfca# 
£*£fcSWSJU (x) , p (x) ^tl^TtU #C5£ (3 0) JkWkft (3 1 

[0160] 
[13 3] 

A (a:) = 0.6990a: 3 + 0.3010* 21 • • -(30) 

[0161] 
[»3 4] 

p (a) = 0.9040a 8 + 0.0960a 9 • • -(31) 

[0 16 2] 

l^ftiap a 2 , a 3 tt, " 1. 6 0 9", "5. 5 4 2", "24 

. 1 2 4 "h&o£o 
[0163] 



4 1 
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Mm I (x) Sr2^©fn^e»*S#^T*3KUfei:#©»tW©^«Ca©« 

^litj ^<t5it^-et)!i!^:tWofe. -r&;b*>> W8u (x) 

[0 1 6 4] 
[0 16 5] 

nsu (x) i:ix!t &atfr#Bc ft (??) ©f>f ^u-- 

;i/ • ^ ^IZ-^SrJI^'fbt* SBR^M^fciPSa x , a 2 , a 3 (C o V > T & ft SH fc f 
[0 16 6] 

bb^p (x) tbtn (2 4) Kjjkvtc&oiz, ?kmzmv&5 

mmm, m + 1 L 2 ^©^^ & 5 1 5 r ^ ^ § 5 . 

fcttSflfcfflfQ (fi 1 ) <B"1 P (ave) , 

«@a lf a 2> a 3 , RZMOSLX (x) £ *l&*H3f©4HR a 3U£^* & 

ti tc ql © m y ic *f l r ft jg-f t -r 5 r £: £ c 

[0 16 7] 

£<bfc, wifcx (x) , p (x) i:iT(i> ±5£ (2 3) S-tKJt^: (2 4) tc 
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fc>fc-0 fee 

[0168] 
[0169] 

[0170] 

*HffiSP7 o&cgy&-r&o 

[0171] 

^ - • */->ryxMmffi 7 0 w\ 6 o &c £oT##)e>*i 

ax»^^e>4xfctt^«©my^tc*fUT«3afbLfcBBKx (x) srKcm-f-s 



4 3 



ffifl# 2003-3044940 



#2002—2473 18 



lCfctt58t#|Bj (??) (D" 1 " (Dmmoy^m p (ave) £Hm-r£ 0 

b<tt, **U~ • is - >T y XlfmSP 7 0«, ±i£ (23) &t>*±5$ (24) 

(c^L£J:e>fc, 2^<z)^^&£#^T*^L£ftM;L£l»$:;i (x) , 

[0 17 2] 

^nm^38 o "r* ?v - ■ iy-vyTsMft^i o taotlffisn 

[0 17 3] 

D 3 tCMLTaStt-^^^tCioT^-^-^^ h £ LT(Dftmt?-$ D 4 
[0174] 

r©TOifil »Cj:oT^fb$*lfc^fb-r-^D4 li, 0 ' , (JDfe : -^§•fcf 

M{c<totv7 if yy^nxmrnzn. mfe<Dmm$&2 zfthx^mmmizj: 

o T £fe 2 ft £ r k. iZ & Z> . 
[0 17 5] 

^b*@a 1 , a 2 , a 3 omZB^mm*. m#iS«3 tC^fL/T^M-r-S J^fC 
LT^J:^,, z\(Dm&. W^mms tLXlt. 04 &C^L£#ifc$!l^BP2 0&t>* 
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[0176] 

i: m »J ITlEtf>'f£tg & fa ±S -Its r h £ £ . 

[0 17 7] 

[0 17 8] 
[0179] 

^47*9. CD-ROMXliMO (Magneto Optic) fcV^fe, ffi. 
[0 18 0] 
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[0181] 

U (Central Processing Unit) 1 5 1 #S^n ^*7AI:^ffiil:felftt 
Si^'JffflOROMi 5 2^, i7_/7xU TH bT$ltg-f& RAM (Random 
Access Memory) 1 5 3 &m~7°U A^*- #^<Z>fa#&l>V3?.te{f £ £ 
fl^HDD (Hard Disk Drive) 1 5 4 ift&OCPUl 5 1, ROM15 
2, RAMI 5 3MHDD1 54S:8iKt6/Ul 5 5t, CPU 15 1, R 
OM 15 2. RAM 15 3 &£>*HDD 15 4 Z>MB%I> 15 7, A*3P 1 

5 8. SMSSl 5 9&tf K^-f 7~ 1 6 0 i:0ntf-^©AfflA^I!^fe«)0A 

J:Sfftf£&£W-#ttSA:2j»l 5 8t, ^315 £ (DMieZft? £#)tf)iifSgP 1 5 9 

K^^yi 6 o tzmx-z* 

[0 18 2] 

CPU15Ht AX 155^ltROM152, RAM 1 5 3MHDD 

1 5 4 HmmisT&V. ItlP)©ROMl 52, RAMI 53WHDD1 54 

CPU15K1 ;U 1 5 5 S^LTAffi^ >*-7x- 
X 1 5 6 ICgM^LTfc l J. ^CDAffiiM x-X 1 5 6 izW^tlX 

^asi 5 7. A^SPl 5 8, jifggpi 5 9ltJ!K7>f7*l 6 0 &$!|$P1*5o S 
£>IC. CPU1 5 lit ROM152, HDD1 54XttK7>f7*l 60{Cif 

£tit~nzmm<fc 1 7 0 &cfB^£*iTv^£-«:/a ^^Asufffs. 

[0183] 

ROM15 2H &a^a^A£^t^ff#£&J$bTVN£ 0 :®ROM15 

2 lCfei|ft34lTV*.&tiM8W:, CPU1 5 1 (DMW^TlCM^ffi^tlSo 

[0 1 8 4] 
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RAM 15 3 tt, CPU151 ^#St^n ^ 5 A SrUff't V ~ 9 x U T 
il LT#tb L/, C PU 1 5 1 (Dfflffi<DT1,Z, &Wr- * *. — **WStt 
[0185] 

HDD1 54li, C P U 1 5 1 fflWfflTlC, A- Kt^ X # &C*f LT#S^ 
[0 18 6] 

;Ul5 5tt, CPU 1 5 1 <Dfflffl<DTlZ. ROM152, RAM153W 
HDD 1 5 4frbmfrftZnt~&mT-*^%:&j£.-t2>££ : blZ, RAMI 5 3 
RTfHD D 15 4 (CfH^f 5^tf-^f 
[0 18 7] 

AffiA>f>^-7i-^ 15 6it CPU151 ©flflfflKDTtC^^aS 1 5 7 {C 

^Lti^tlfe^^tM«Ift$:CPU 1 5 1 JC^bT^fSfe*)©^ 
y#-y C PU 1 5 1 (DfflfflOTlzmm^ 1 5 9 £^UT^gP£<£>f!3 

T'f-^MiJt^fcib0^>^-7i-xi:, K^-f^l 6 0 fC^5f 34X7c. 
ia»jSC»l 7 0}C#LT#«M©fB^&£>VX{i#££*T t>fr&>04 >*- V 
3L-^££^U CPU151, ROM1 52, RAMI 53MHDD1 54 
•frb<D J r-#&&tt3 15 7, AiJ^P 15 8, MfSB 1 5 9&t>* K^-f^l 6 0 
iC^fLTm^JL/fe*;, StmBP15 7, A*gP158, fif 951 5 QAtf K5>f 
16O^?)0f-^CPU151, ROM152, RAM 1 5 3WHDD 1 

5 4 JC*f ltA7Jbfc»Jt5. 
[0 18 8] 

*^3|515 7&, iilfLCD (Liquid Crystal Display) #m*>&*J, CPU 
1 5 1 (DMfflftTlZ, fljtlJHDDl 5 4 (CfBIS£ tlT V^t 1 - # ^(A^M'fM 

[0 18 9] 

HffW*&^tlBllllffS:CPU 1 5 1 CMbtffi^JtS, 
[0 19 0] 
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[0191] 

K7^yi6 0}t 7n^tf- (&mmm cd-rom 

cpui 5 1 ©miotic, ^t£nfciEM£#i 7 o iztt-tz>&mmmv>mm 

[0 19 2] 

i(Z)J:e)^=i>tfrL-^^Sl 50 fcju CPU151 CJ:oTM©^0^ 

t f 3 {C g ^ 5 «11 $:M 1 5 o 
[0 19 3] 

=r>t?^-#igei 5 o iz&tf zmmtfamiz -d^t mm -tz* 

[0 19 4] 

(Dffim&mtZft? AiJ^Pl 5 8lC«fcy, ifM^tf!Wif$:CPU 
15 1i:^lTMt^. ^tUCjSCT, 3>tfrL-#^g 1 5 0 t£, CPUI 
5 UC <fc U , f^ftyn^7AI:RAMl 5 3 iCD- KLTHfll, ff-^L&tF 

^mut^ti^-* zmm^ 1 5 9 £/rLT^P^£ffiiJt-£ & 

gtC/SDT, *^gpi 5 7(C^.S^^$:^-r€> 0 
[0 19 5] 

t'^ot, CPUI 5 l©ffli©TlC, ^£>gBM£ftl 7 0 7?)^tt^^m$tl 
^fl^U ROM 1 5 2 {C^&M^ftT^T^iV^ $£(C. 

[0 19 6] 
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^Afc^tfts cpui 5 iodw©tc> mm&oiWMzmfe^Tm^cD 

[0 19 7] 

jf^T, ny\?3.-#mW: l 5 0 tt, CPUl 5 l©ffli©Tic, ^fofcM^ 

[0 19 8] 

ffiV^T, 3>tfa-^if 1 5 0}i, CPU1 5 l(Z)ffl»©Tt:> JtLffiL?^ 
[0199] 

^V%T, 3>tfa-^if 1 5 0H CPU1 5 l©$»Ti:, ^- K^-Y 

b £ m'Hrttfr - # D 4 IC "T £ fg^ffc 7 s - # £ f Z> „ 
[0 2 0 0] 

fit, n>ta-^if 1 5 0H C PU 1 5 1 (DmWOTlZ, &f&Lf=.& 

M^ISl 5 9 §:^bT^ai5^^ffi*t-^^^%tC, ^MtCJ^UT, MmB 1 5 7 
{C^SI5^$:*^i-So £j&L fB«Sffcl7 0^(C 

[0 2 0 1 ] 

it m m & m it n ? 9 a & nt? -r & z: ^ t c & o t h ^ -r & r ^ # t* ^ £ 0 

[0 2 0 2] 
[0 2 0 3] 

m^M^T?^ A^JgPl 5 SICjcU, |g#^£^t-»IHf^£CPUl 
5 1 iZM LtMtS. ^tUCJ^DT, 3>fc°a-^gf 1 5 0l±, CPU 15 
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1 IC£U> Wn^MRAMl 5 3 (CD- KLTUffU MSP 1 59$: 
[0 2 0 4] 

aas, at^n^Ati, ^-ft^n $^ a £ phasic, mxixmmmfci i o 

tCJ:y*t#3*lS*>0> , T?&oT, C PU 1 5 1 r<0|B»jSCfrl 7 

3*lT%J:V*. tSC-^^ny^Att, ROM 1 5 2 tC^Sb&MS tlT 

[0 2 0 5] 

AftftJCH:, 5 Oli, CPU15 1(Cj;oTt#yn^7 

ASrUff-TS CPU1 5 l©MiIfflTtC, A- Ff>f A^^f>I*ffilfeS 
««L ^b<ttM«api 5 9 &/MT5iL^me)lf ©Ma 5:i«Sb 

[0 2 0 6] 
[0 2 0 7] 

fit, l 5 o li, cpui 5 i©IH©tic S^fcSti 

gfsffi © mmfttt (c *f -r § m. & m a mwl m nmm-t m n ^ 0 fe m>e <z>® 

C PU 1 5 l ©fWUKOTtc, a*'J TzffrJ- K#*e>{tt273ft<5* vfe-S?©flMs 

[0 2 0 8] 

:n>t;°n-#§£fii 5 Ota. C PU l 5 l ©fKI0|i0>-Rc, UhftfcU^^- $ 
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[0 2 0 9] 

z\<D&oiz, ny\£=L-*mn i 5 o it. ±Ilfet^i 3 iz&tt&m.^®! 

[0 2 10] 
[0211] 

£k±.nm\zmMht=.&*>\z. ^mn\zt>^^>nmtmm%. xtit* titer-* 

i: , i ©ttaeff VZ <fc o T 2 ft fctfc j£ff#l & m v % T fJ-fHfc £ ff ? ^ 

^fficr^fsffi&tf* ^*-2?&fivfy hBreaisrtsBRK:, #*:<=>ft£$IWtf) 

[0 2 12] 

•5 s -f - • i/->ryx*mmitLXM&-t&ZLlnz «fc y, If #©-ffitg$:^:ipgfc 

[0213] 
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«t^ft^cil*S«fc^JC, f>f^U-- ^-^r>*#*»fc3ftT3*ffl£ft5. 

[0214] 

Ife^ot, #&l5!tC##58F#tt;iEf8stt, e>ft£$i#<Z>#l&:lC*f btS 

[0 2 15] 

&sj;e>fc, ^e>nfc«-^«©iR*; wtc^cT^ww^fttf**^ 
<e«&g a y t- ^ t&2c8F-*§- &c «t & *f -*Hb $ nt=.w^(Dm-% zn? m^mmx % 

s *^?-fb#S , 3 (D*^^fb#IS iciot 4^-fb $ ft £ SfBffico W3*c*-r> 

[0 2 16] 
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[0 2 17] 

£e>tc££. *#gH^(c^^^,^#^tt, ^s^jtc^tte i commas* 
©^v - ■ t/->r > xummmcx <( trv - • */->r>xizm 

[0 2 18] 

SStT'S^fbU 3©*^b$tlfe^«ffi©5t^^{C^VNTl«5|f,RiC«#-tS 

[mi] 
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[02] 

tt, >r - • ^ yt-p<D$&mftft*mls> (B) ti, (A) icafc-*-?!^^ 

[03] 

*(D"10"S:Ii:tSM*E (log 10 B E R) 
[04] 

o 

[05] 

[06] 

c (ave) tt^tOiUWlO'^giltSfiM (log 10 B 

[07] 

>fl/^7-*fW7^-*dc (ave) £ — 5£ £ L fe. £: £ IC& V^> 

log 1Q BER) fc©M«S:#«)fc«?«f*g*S:SiW'rSBI'T?*«. 
[08] 

c (ave) mft©S»J«tsfSO"10"^t5M»*IB (log 10 B 

•rzmz, v (i) , v (2) d^s^p v <D2m<Dmzm^z>mi!?ii 
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[09] 

nsu (x) \zisv2>tk®Ln t&^&omvmmtf" 1 o ~ 3n ttezt^com 

[Ell 0] 
[01 1 3 

BHBU (x) tC;J3ttS#C»n 2 t u ^n^tw^ui 

[012] 

5 o 

[013] 
[014] 
[01 5] 
[01 6] 

(3, 6) ff#£^#-r&iiuc£tt£#y - we©* v*.-y<DWLft*iMm 

[01 7] 

i m^tmn. 3 1 0 ^mbp> 2 0 ^ucirossap, 

30 ttitm&fem* 40 juntas, 50 ^yiz-^najiis, 60 
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